the injury, significant bone fragments can be expected in the region of the supra-orbital margin. This has been borne out in clinical practice. Because the orbital roof thins out gradually from the rim backwards, it should be possible to align at least the anterior third by restoring the supraorbital margin into its anatomical position. Beyond this one has to rely on the periosteum to reposition shattered thin fragments of the roof.
Diagnosis of the injury does not present any difficulty, but assessment of the extent of damage requires a careful preoperative study of the patient and his X-rays. The extent of injury is not usually fully established until after full surgical exploration has been carried out.
Lacerations may provide reasonable access. If these are absent, or if the access provided by them is inadequate, approach to the anterior cranial fossa, roof of the orbit and upper part of the face can be gained by turning down the forehead. These fractures are associated with a high incidence of disruption of the paranasal sinuses and dural tears requiring attention.
Damage to the levator muscle or its nerve supply is not infrequent. Trauma to the optic nerve or the eye itself occurs in a high proportion ofcases.
There are two main advantages of primary exploration. First, diagnosis of the injury can be fully established and definitive repair carried out. Secondly, the force of the impact has already carried out the greater part of the dissection. This facilitates definitive treatment, the quality of which is far superior to that achieved by secondary surgery.
When tackling the problem of facial reconsructtion following accidents the accepted order of repair is as follows:
(1) Restoration of the dental baseline with functional occlusion.
(2) Repair of the midfacial skeleton, especially its forward prominence and vertical length.
(3) Attention to the individual fractures, such as severe orbital floor damage, complex malar injuries and restoration of nasal airways.
We believe that this plan should be modified when primary repair of cranial and facial injury is undertaken. Priority should be given to:
(1) Establishing upper facial baselines: i.e. neurosurgical repair within the anterior cranial fossa followed by reconstruction of the orbital roof.
(2) Rebuilding of the lower facial baseline with restoration of the integrity of the occlusal plane.
(3) Restoration ofmidfacial prominence and facial length.
(4) Attention to individual fractures. Many patients with craniofacial injuries are initially under the care of a neurosurgeon who carries out early exploration and repair of intracranial injuries. It is regrettable that, on occasions, valuable reconstructive material has been discarded, compounding the difficulties of late repair.
Isolatedfractures of the roofproper: The cause of this type of fracture is a penetrating injury. In addition, a blow-out fracture of the orbital roof has been described (Schlondorff 1968 The orbit is a complex bony structure containing tissues of vital importance in regard to both function and appearance. Its importance is increased, not decreased, by being a paired structure so that injury to one may upset its balance with the other. The medial wall is in close relationship to the brain above, the nose medially and the body of the maxilla below. Since it contains the globe it is fair to say that its bony walls and -surrounding structures fall within the scope of any one of four specialists who may be asked to treat it.
With the changing pattern of modern life and almost universal use of the motor car travelling at increasing speeds, not only are the fractures becoming more extensive, but the standards of repair expected by patients are becoming more demanding. We must all become aware that definitive primary treatment of these fractures gives the best results. Secondary correction after tissue planes have been obliterated and fibrous tissue has grown between bony fragnents gives only a second-best repair, often with persisting epiphora, telecanthus, enophthalmos and disfigurement of varying degree.
It is surprising that relatively little has been written on the assessment of fractures of the medial wall of the orbit, while fractures of the Section ofOphthalmology floor and of the lateral wall have been well documented.
Anatomy A detailed description of the anatomy of the medial wall is not necessary. It is formed anteriorly by the strong buttress of the nasal processes of the frontal and maxillary bones and behind this the papery thin lacrimal and ethmoid bones. The buttress is strong, but supports the most prominent part of the face, the nose. This is subjected frequently to trauma of varying degree. With sufficient force the nose is driven backwards fracturing and displacing this buttress laterally and shattering the delicate lacrimal and ethmoid bones.
The lacrimal canaliculi and lacrimal sac are extraosseous and less subject to damage in closed injuries than the intraosseous nasolacrimal duct.
The shape of the orbit has been likened to a cone or better to the shape of a pear with the greater circumference behind the orbital rim. The skin of the pear is tough and maintains the overall shape of the pear. If the skin splits the juice and pulp of the pear may escape. The periosteum may be likened to the skin of a pear. Fractures of the orbital wall without disruption of the periosteum produce far less deformity than if the periosteum, the skin of the orbit, is broken. In the medial wall, where the lacrimal and ethmoid bones have virtually no strength, the periosteum plays an even more important part in containing the orbital contents.
Classification ofFractures
Fractures of the medial orbital wall may be classified as either localized or associated with extensive facial fractures.
Localized fractures may be due to penetrating injuries. Any degree of bony and soft-tissue injury may be seen and surgical exploration is mandatory. The other form of localized fracture is the naso-ethmoid injury. This may be open or closed. In this form of fracture the nose is driven backwards into the face at first fracturing the fronto-naso-maxillary buttress. Once the buttress has fractured the force is transmitted posteriorly and the lacrimal and ethmoid bones shatter like an eggshell. The medial canthal ligament may either be torn from its insertion or there may be avulsion of the ligament and the underlying bone. In the most severe injury, the ethmoid crush, there is total disruption of the nasal and ethmoid complexes.
In all types the pull of the orbicularis oculi pulls the medial canthal ligament laterally with resulting telecanthus.
The lacrimal canaliculi running in the upper and lower eyelids enter the dome of the lacrimal sac which projects just above the medial canthal ligaments. The body of the lacrimal sac nestles between the anterior and posterior limbs of the medial canthal ligament. With displacement of the medial canthal ligament the lacrimal canaliculi and lacrimal sac are free to move laterally and serious damage to them in closed injuries is almost never seen. In contrast the nasolacrimal duct is often damaged. While its intraosseous course protects it from minor trauma, it is often damaged either at its junction with the lacrimal sac, when the latter is displaced laterally, or during its intraosseous course when the bony walls of the nasolacrimal canal may be fractured and displaced with inevitable damage to the duct.
The ethmoid lamina is structurally weak, its thickness never being more than 1 mm, hence the name lamina papyracea. Once the protecting fronto-naso-maxillary buttress has given way it shatters easily. Despite its ease of fracture we have never seen entrapment of the medial rectus muscle. In the majority of cases an essentially intact periosteum must prevent this. Similarly at exploration, prolapse of orbital fat medially has never been a striking feature.
However, in later follow up of orbital fractures, despite restoration of bony buttresses and shattered orbital floors, there still occurs a small percentage of cases of enophthalmos, the exact cause for which cannot be determined. That in these cases there is loss of orbital fat due to fat necrosis may be correct, but may there not be a prolapse of orbital fat medially which is unrecognized? When one explores severe orbital floor fractures it may be impossible to find sufficient support on the medial side for a prosthesis, the fracture of the orbital floor being continuous medially with fractures of the ethmoid lamina.
In closed and penetrating injuries of the medial wall the possibility of leakage of cerebrospinal fluid must always be borne in mind and evidence of leakage looked for.
Treatment ofNaso-ethmoid Fractures
The basic principles in the treatment of any fracture are accurate diagnosis of the fracture itself, including the shape and position of bony fragments, and the extent of soft-tissue damage.
Radiographs of the naso-ethmoid fractures while
showing some of the main fractures do not always give accurate enough information. Assessment of soft-tissue damage in closed injuries is often difficult, particularly once cedema occurs.
The only way to obtain an accurate diagnosis is by surgical exploration, usually through a midline nasal incision. This allows full exploration of both medial canthal regions, inspection of medial canthal ligaments, lacrimal sac and nasolacrimal canals, and inspection of the ethmoid lamina and overlying periosteum. It allows accurate reduction and fixation, usually by wiring, of bony buttresses and reattachment of the medial canthal ligaments to their anatomical position under direct vision (Stranc 1970a) .
Restoration of the normal anatomy of the anterior part of the medial wall and accurate repositioning of the medial canthal ligaments in most cases will also bring the periosteum overlying the ethmoid lamina back into the correct plane.
As stated earlier, damage to the canaliculi and upper part of the lacrimal sac in closed nasoethmoid injuries is rare. Injuries to the nasolacrimal duct are best treated by complete reduction of fractures affecting the inferomedial wall of the orbit with internal splintage of the duct if it is completely divided. Persisting epiphora using this approach is less frequent than when blind reduction and lateral compression plates are used (Stranc 1970b) .
After internal fixation of major fragments, smaller fragments are placed back in position and held in that position by accurate closure of the periosteum or subcutaneous tissues over them. After closure of the wound a well-fitting nasal splint is applied to reinforce the internal fixation and control cedema. The splint is changed after five days and the skin sutures removed.
The aims of this method of treatment are first an accurate diagnosis of bony and soft-tissue damage, secondly the anatomical reduction of important bony fragments and thirdly the definitive treatment of possible associated soft-tissue damage, all this being done within seven days of injury before the obliteration of tissue planes and before fibrous tissue makes the accurate identification of injured parts and their repair a difficult and hazardous procedure with a reduced chance ofsuccess. The midline incision leaves a good scar.
Finally, when fractures of the medial wall occur in association With other facial fractures the whole orbit may be displaced. Not only will there be telecanthus, but the globe itself may be displaced, with hypertelorism and possible vertical displacement as well. The same principles apply. If necessary, the other facial fractures and lacerations may be treated first and the naso-ethmoid injury, rather than being treated quickly at the end of a long operation, may be treated in the manner already outlined several days later when the oedema has subsided.
